OPEN 8 ACCESS Freely available online 


@. PLOS | ONE 





Aging and Weight-Ratio Perception 


Jessica S. Holmin', J. Farley Norman? 


1 Department of Psychology, North Dakota State University, Fargo, North Dakota, United States of America, 2 Department of Psychology, Western Kentucky University, 
Bowling Green, Kentucky, United States of America, 3 Center for the Study of Lifespan Development, Western Kentucky University, Bowling Green, Kentucky, United States 


of America 


Abstract 


Past research has provided evidence that older adults have more difficulty than younger adults in discriminating small 
differences in lifted weight (i.e., the difference threshold for older adults is higher than that of younger adults). Given this 
result, one might expect that older adults would demonstrate similar impairments in weight ratio perception (a 
suprathreshold judgment) compared to younger adults. The current experiment compared the abilities of younger and 
older adults to perceive weight ratios. On any given trial, participants lifted two objects in succession and were asked to 
provide an estimate of the objects’ weight ratio (the weight of the heavier object relative to the lighter). The results showed 
that while the older participants’ weight ratio estimates were as reliable as those of the younger participants, they were 
significantly less accurate: the older participants frequently perceived the weight ratios to be much higher than they 


actually were. 


Citation: Holmin JS, Norman JF (2012) Aging and Weight-Ratio Perception. PLoS ONE 7(10): e47701. doi:10.1371/journal.pone.0047701 


Editor: Daniel Goldreich, McMaster University, Canada 


Received July 17, 2012; Accepted September 18, 2012; Published October 24, 2012 


Copyright: © 2012 Holmin, Norman. This is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits 
unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited. 


Funding: These authors have no support or funding to report. 


Competing Interests: The authors have declared that no competing interests exist. 


* E-mail: jessica.holmin@ndsu.edu 


Introduction 


It is well known that increases in age adversely affect visual, 
tactile, and kinesthetic sensory functioning. For example, aging 
leads to significant deteriorations in visual acuity [1—3] and tactile 
acuity [4-7]; it is also accompanied by increases in weight- 
discrimination thresholds [8]. Interestingly, however, higher-level 
perceptual abilities are often not significantly affected by increases 
in age. Older adults can discriminate three-dimensional (3-D) 
object shape as well as younger adults for both the visual and 
haptic modalities [9]. Older adults can also haptically perceive 3-D 
surface shape [4] as well as younger adults. 

Past research has demonstrated that good object shape 
perception does not necessarily require excellent visual acuity. 
Norman and colleagues [10] blurred their observers’ vision using 
2.0-, 2.5-, and 3.0-diopter lenses; the use of these lenses reduced 
the observers’ acuity to 0.45, 0.67, and 0.92 LogMAR (log 
minimum angle of resolution), respectively. Even though blurring 
the observers’ vision produced severe deteriorations in acuity (e.g., 
a LogMAR acuity of 1.0 often represents legal blindness) [11], this 
manipulation did not appreciably affect the observers’ ability to 
discriminate 3-D object shape. Likewise, good haptic shape 
perception does not necessarily require excellent tactile acuity. 
The participants of Norman et al. [4] haptically explored 3-D 
surfaces and were required to estimate their shape; in addition, the 
participants’ tactile acuity was measured using a grating orienta- 
tion discrimination task. In both of the experiments the older 
participants’ 3-D shape judgments were just as accurate as those of 
the younger participants despite the fact that the older partici- 
pants’ grating orientation thresholds were 142.9 percent higher. 
Norman et al. [4] found that there was no significant relationship 
between the participants’ tactile acuity and their ability to 
haptically perceive 3-D surface shape. Given this pattern of past 
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results (reductions in older adults’ sensory abilities do not 
necessarily impair their perceptual performance on everyday tasks 
involving objects), it is thus possible that while older adults’ ability 
to discriminate lifted object weight is reduced relative to younger 
adults [8], their ability to perceive weight ratios (a suprathreshold 
task) may be preserved. 

Despite the fact that one cannot typically predict performance 
on suprathreshold perceptual tasks from the knowledge of 
a participant’s sensory (i.e., threshold) abilities, there are multiple 
(related) reasons why the perception of lifted object weight among 
older adults might be an exception. First of all, it is important to 
note that aging is associated with a loss of skeletal muscle mass, 
which leads to a reduction in strength (e.g., a 40 percent loss of 
muscle mass between the ages of 50 and 80 years results in a 50 
percent decline in strength) [12-14]. Decades of research have 
revealed that the perception of an object’s weight is affected by the 
effort exerted by a participant during lifting [15,16]. For example, 
studies have shown that participants perceive an object to be 
heavier after their muscles have become fatigued — because of the 
muscle fatigue, participants need to apply more effort (than usual) 
during lifting, which then causes an object to feel heavier [17—19]. 
In order to lift any particular object, older adults, in general, must 
apply more effort than younger adults because of their reduced 
muscle mass. Because of this increased application of effort, one 
might therefore expect that older adults’ perceptions of lifted 
object weight would be greater than those of younger adults. In 
addition to age-related changes in strength related to muscle loss, 
older adults utilize larger grip forces when lifting objects [20,21]. It 
has been demonstrated that perceived object weight also depends 
upon grip strength, such that greater grip strengths are associated 
with increased perceptions of heaviness [22,23]. Given the results 
of Flanagan and Wing [22], one might expect older adults’ 
perceptions of object weight to be greater than those of younger 
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adults, because older adults grasp objects more strongly during 
lifting. 

We know from our previous research [8] that older adults’ 
weight discrimination thresholds (.e., minimum differences in 
weight needed to judge which of two weights is heavier) are more 
than 50 percent greater than those of younger adults. What we do 
not know, at present, is whether aging is associated with reduced 
performance on suprathreshold perceptual tasks mvolving judg- 
ments of object weight. As the previous review indicated, older 
adults can frequently perform well on tasks involving the 
perception of 3-D object shape despite impairments in visual 
and tactile acuity. If the perception of object weight follows 
a similar pattern, older adults may perform well on suprathreshold 
weight judgment tasks despite possessing impairments in weight 
discrimination. As we have seen, however, older adults’ abilities to 
perceive weight may be fundamentally different (than those 
involving the perception of object shape), because of the 
consequences of age-related muscle loss and changes in grip 
strength. The purpose of this experiment was to further investigate 
weight perception in younger and older adults to evaluate these 
possibilities. 


Materials and Methods 


Ethics Statement 

The experiment was approved by the Western Kentucky 
University Human Subjects Review Board. The participants were 
students at Western Kentucky University or were recruited from 
the local community (Warren County, Kentucky), and _ all 
participants gave written consent prior to participation in the 
experiment. 

Participants. Seventeen older adults (age range was 64 to 78 
years, mean age was 68.9 years, SD = 4.6) and 17 younger adults 
(range was 18 to 31 years, mean age was 23.9, SD=3.6) 
participated in the experiment. While changes in strength among 
older adults are proportionately similar for males and females, 
reductions in absolute strength tend to be greater for males 
(because of their higher baseline strength) [24]. Because of this, we 
included similar numbers of older males and females in the current 
study (8 older females and 9 older males). Two potential 
participants (one older and one younger) were excluded because 
they did not understand the task. 

Apparatus. ‘The order of presentation of the experimental 
stimuli was randomly determined for each participant by an Apple 
iMac computer. The participants’ weight-ratio judgments were 
entered into the computer for later analysis. 

Experimental stimuli. The experimental stimuli were sim- 
ilar in size and shape to those used by Norman et al. [8]. The 
stimuli were small cylindrical bottles (4.9 cm diameter x 9.5 cm 
tall), which were filled with various amounts of #6 lead shot. The 
six object weights were 30, 55.9, 93.7, 145.5, 213.7, and 300 
grams, the spacing of which was based on a cube-root trans- 
formation [25]. Two replicas for each weight were created, so that 
each weight could be paired with itself (and every other weight). 

Procedure. ‘There were 36 conditions (a result of each of the 
6 stimuli being paired with every other stimulus and with itself) 
and three repetitions for each condition, creating a total of 108 
trials. Every participant therefore made 108 judgments. The 
participants were visually separated from the stimuli and 
experimenter by an occluding barrier, through which participants 
placed their preferred arm. On any given trial, a randomly 
selected pair of stimuli was placed in front of the participants. The 
participants then lifted the objects one at a time and their task was 
to estimate a weight ratio (the ratio of the heavier object weight 
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relative to the lighter; e.g., if the two weights on a particular trial 
were 30 and 300 grams, an accurate weight ratio judgment would 
be 10). During each trial, the participants could lift each object as 
many times as they wished up to a limit of 30 seconds. In addition, 
the participants were required to keep their elbows on the table at 
all times and lift with their forearms; they used their thumb and 
first two fingers to grasp the experimental stimuli. 

In order to ensure that the participants clearly understood the 
task before beginning the experimental trials, they were shown 
objects clearly labeled “50 grams’, “100 grams’, “125 grams”, 
“150 grams”’, and “400 grams’. The participants were then given 
several pairs of these objects and were told, for example, that 1) the 
150 gram object weighed three times as much as the 50 gram 
object, 2) the weight of the 400 gram object was eight times that of 
the 50 gram object, 3) the weight of the 125 gram object was 25 
percent heavier than the 100 gram object, etc. The participants 
were allowed to lift these sample objects (which had weights that 
were similar to, but different from those used in the actual 
experiment). The experimental trials did not begin until the 
participants understood that their task was to estimate a weight 
ratio (heavier object weight relative to the lighter object weight) for 
each of the object pairs. 


Results 


For every participant, the perceived weight ratios for the 108 
stimulus pairs were plotted against the actual weight ratios. 
Figures | and 2 plot results for representative individual younger 
and older participants, while Figure 3 plots the average weight 
ratio estimates for all participants. Correlation coefficients (i.e., 
Pearson r values), along with the y-intercept and slope of the best- 
fitting regression line, were calculated for each individual 
participant. Because of greater variability among the older 
participants (e.g., in slope), a nonparametric test (Wilcoxon rank- 
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Figure 1. Individual results for a representative younger 
participant. The participant's perceived weight ratios are plotted as 
a function of the actual weight ratios. The solid line indicates the best- 
fitting regression line. The dashed line represents accurate perceptual 
performance. 

doi:10.1371/journal.pone.0047701.g001 
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sum test) [26,27] was used to test for differences between the 
younger and older age groups. As can be seen in Figure 4, the 
mean slope (of the best-fitting regression line) of the older group 
was significantly higher than that of the younger group (W,. = 235, 
p=0.031). In contrast, the magnitudes of the correlation 
coefficients for each group were not significantly different (see 
Figure 5; W, = 283.5, p = 0.63). The difference in y-intercepts for 
the younger age group (M= —0.03, SD = 1.4) and the older age 
group (M = —3.6, SD = 10.6) was also not significant (W, = 257.5, 
p=0.17). 


Discussion 


The results of the current experiment (e.g., Pearson r values) 
demonstrate that the weight-ratio judgments of the younger and 
older participants were equally reliable (see Figure 5). When there 
is little variability across repeated judgments (high reliability) for 
a participant, their data points cluster tightly about the regression 
line and the Pearson r value is high. Conversely, when there is 
high variability across repeated judgments (low reliability) for 
a participant, their data points fall farther (on average) from the 
regression line and the Pearson r value is low. In our experiment, 
the average Pearson r values were 0.80 and 0.78 for the older and 
younger participants, respectively. The weight-ratio judgments for 
individual older participants were no more variable across 
repeated trials than the judgments of younger participants (e.g., 
this can also be seen by examining Figures 1 and 2, which plot 
individual results for representative younger and older partici- 
pants). It is important to note that in our experiment, more than 
60 percent (0.787 = 0.61) of the variance in both the younger and 
older participants’ weight ratio estimates could be accounted for 
by variations in the actual object weight ratios. 

While the weight-ratio judgments of our older participants in 
the current study were just as reliable as those of the younger 
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Figure 2. Individual results for a representative older partic- 
ipant. The participant’s perceived weight ratios are plotted as 
a function of the actual weight ratios. The solid line indicates the 
best-fitting regression line. The dashed line represents accurate 
perceptual performance. 

doi:10.1371/journal.pone.0047701.g002 
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Figure 3. Average weight ratio estimates for all older and 
younger participants. The open circles indicate results for the older 
participants, while the filled circles indicate results for the younger 
participants. The solid lines indicate the best-fitting regression lines. The 
dashed line represents accurate perceptual performance. 
doi:10.1371/journal.pone.0047701.g003 


participants, they were not as accurate. Accurate judgments would 
produce regression lines with a slope of 1.0 and a y-intercept of 
zero. Notice from Figures 3 and 4 that while the slopes of 
regression lines obtained for the younger participants were 
relatively close to 1.0 (the mean slope was 1.32), the slopes of 
regression lines obtained for the older participants were much 
higher (mean slope was 4.64). The results for our younger 
participants are similar to those of past research. Baker and Dudek 
[28] also asked their participants to judge weight ratios. When 
their participants’ perceived weight ratios are plotted as a function 
of actual weight ratios, the data (see their Table 6) [28] produce 
a slope of 1.56. Like Baker and Dudek, we found that our younger 
participants’ judgments of weight ratios were not perfectly 
accurate (slopes somewhat higher than 1.0). Nevertheless, the 
judgments of our older participants were much more inaccurate 
than those of our younger participants. The haptic perception of 
surface shape follows a quite different pattern. Norman et al. [4] 
found that when older participants haptically estimate 3-D surface 
shape, their judgments were just as accurate as younger adults— 
there was no effect of age. 

Given the results of current and past research, it seems clear that 
there is no overall or general decline in tactile, haptic, or lifted 
weight perception abilities as people age. The effects of aging are 
task dependent, so that some tasks produce marked age differences 
[4-8], while for other tasks older adults perform as well as younger 
adults [4,9]; similar task-specific effects of age have been found by 
Billino et al. [29] and Norman and colleagues [30,31] with respect 
to the visual perception of motion. 

Historically, neurological testing of medical patients included an 
evaluation of patients’ weight discrimination abilities [32]. 
Impairments in weight perception were found to occur as a result 
of brain injury [33-36] to the parietal lobe. Within the parietal 
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Figure 4. Mean slopes (of the best-fitting regression lines). The 
mean slopes are plotted separately for the younger and older groups of 
participants. The error bars indicate +/— one SE. 
doi:10.1371/journal.pone.0047701.g004 


lobe, the supramarginal gyrus and parietal operculum appear to 
be especially important for judgments of object weight [37,38]. In 
this context, it is important to note that aging affects the parietal 
lobe more severely than other lobes of the brain heavily involved 
in basic perceptual abilities (i.e., more neuronal cell death and 
cortical atrophy in the parietal as compared to the temporal and 
occipital lobes) [39]. Thus, relatively simple tests of weight 
discrimination and weight-ratio perception, such as those used 
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by Norman et al. [8] and in the current study, may serve as useful 
clinical indicators of the severity of age effects upon the brain. 


Author Contributions 


Conceived and designed the experiments: JSH JFN. Performed the 
experiments: JSH. Analyzed the data: JSH JFN. Contributed reagents/ 
materials/analysis tools: JSH JFN. Wrote the paper: JSH JEN. 


5. Aniss AM, Gandevia SC, Milne RJ (1988) Changes in perceived heaviness and 
motor commands produced by cutaneous reflexes in man. J Physiol 397: 113— 
126. 

6. Gandevia SC, McCloskey DI (1977) Changes in motor commands, as shown by 
changes in perceived heaviness, during partial curarization and peripheral 
anaesthesia in man. J Physiol 272: 673-689. 

7. Burgess PR, Jones LF (1997) Perceptions of effort and heaviness during fatigue 
and during the size-weight illusion. Somatosens Mot Res 14: 189-202. 

8. Jones LA (1983) Role of central and peripheral signals in force sensation during 
fatigue. Exp Neurol 81: 497-503. 

9. McCloskey DI, Ebeling P, Goodwin GM (1974) Estimation of weights and 
tensions and apparent involvement of a “sense of effort”. Exp Neurol 42: 220— 
232. 

20. Cole KJ (1991) Grasp force control in older adults. J Mot Behav 23: 251-258. 

21. Parikh PJ, Cole KJ (2012) Handling objects in old age: Forces and moments 
acting on the object. J Appl Physiol 112: 1095-1104. 

22. Flanagan JR, Wing AM (1997) Effects of surface texture and grip force on the 
discrimination of hand-held loads. Percept Psychophys 59: 111-118. 

23. Flanagan JR, Wing AM, Allison S, Spenceley A (1995) Effects of surface texture 
on weight perception when lifting objects with a precision grip. Percept 
Psychophys 57: 282-290. 

24. Doherty TJ (2003) Invited review: Aging and sarcopenia. J Appl Physiol 95: 
1717-1727. 

25. Rule SW, Curtis DW, Mullin LC (1981) Subjective ratios and differences in 
perceived heaviness. J Exp Psychol Hum Percept Perform 7: 459-466. 

26. Siegel S, Castellan N (1988) Nonparametric statistics for the behavioral sciences 
(one ed.). New York: McGraw-Hill. 128-137. 

27. Wilcoxon F (1945) Individual comparisons by ranking methods. Biometrics 1: 
80-83. 

28. Baker KE, Dudek FJ (1955) Weight scales from ratio judgments and 
comparisons of existent weight scales. J Exp Psychol 50: 293-308. 

29. Billino J, Bremmer F, Gegenfurtner KR (2008) Differential effects of motion 

processing mechanisms: Evidence against general perceptual decline. Vision Res 


48: 1254-1261. 








October 2012 | Volume 7 | Issue 10 | e47701 


30. 


31. 


32. 


34. 


35. 


Norman JF, Ross HE, Hawkes LM, Long JR (2003) Aging and the perception of 
speed. Perception 32: 85-96. 

Norman JF, Payton SM, Long JR, Hawkes LM (2004) Aging and the perception 
of biological motion. Psychol Aging 19: 219-225. 

Head H (1920) Studies in neurology (Vol. 1). London: Frowde and Hodder & 
Stoughton. 

Chatterjee A, Thompson KA (1998) Weigh(t)ing for awareness. Brain Cogn 37: 
477-490. 

Weinstein S (1954) Weight judgment in somesthesis after penetrating injury to 
the brain. J Comp Physiol Psychol 47(1): 31-35. 

Ruch TC, Fulton JF, German WJ (1938) Sensory discrimination in monkey, 
chimpanzee and man after lesions of the parietal lobe. Arch Neurol Psychiatry 


39: 919-937. 


PLOS ONE | www.plosone.org 


36. 


37. 


38. 


39. 


Aging and Weight-Ratio Perception 


Bender MB, Teuber H-L, Battersby WS (1950) Discrimination of weights by 
men with penetrating lesions of parietal lobes. Trans Am Neurol Assoc 75: 252— 
255. 

Schmitz C, Jenmalm P, Ehrsson HH, Forssberg H (2005) Brain activity during 
predictable and unpredictable weight changes when lifting objects. 
J Neurophysiol 93: 1498-1509. 

Jenmalm P, Schmitz C, Forssberg H, Ehrsson HH (2006) Lighter or heavier 
than predicted: Neural correlates of corrective mechanisms during erroneously 
programmed lifts. J Neurosci 26(35): 9015-9021. 

Resnick SM, Pham DL, Kraut MA, Zonderman AB, Davatzikos C (2003) 
Longitudinal magnetic resonance imaging studies of older adults: A shrinking 
brain. J Neurosci 23(8): 3295-3301. 


October 2012 | Volume 7 | Issue 10 | e47701 


